We study a possibility to combine an origin of the µ-term and the lepton number asymmetry. If we assume that the µ-term is generated by a vacuum expectation value of a standard model singlet scalar field at an intermediate scale, the decay of its oscillation caused by the deviation from the true vacuum can produce Higgsino asymmetry. In the model with a bilinear R-parity violation this asymmetry may be successfully converted into the baryon number asymmetry due to the sphaleron interaction. We examine this possibility combining it with the scale of the µ-term and neutrino masses. *
In the present astroparticle physics it is one of the crucial problems to clarify an origin of baryon number (B) asymmetry in the universe [1] . It has been suggested that the electroweak sphaleron in the standard model (SM) plays a very important role in that investigation [2] . The baryon number asymmetry generated at high energy scales can be washed out by this effect and we need a suitable scenario to escape this problem.
Leptogenesis seems to be able to give an elegant scenario for the explanation of the baryon number asymmetry on the basis of the lepton number (L) asymmetry [3] . Since the sphaleron interaction conserves B −L, the lepton number asymmetry can be converted into the baryon number asymmetry through that interaction. Recent observations of solar and atmospheric neutrinos suggest the existence of small neutrino masses and this fact seems to indicate the existence of a lepton number violation at a certain energy scale.
From this point of view leptogenesis seems to be very promising as an origin of the baryon number asymmetry.
Several leptogenesis scenarios have been proposed under the assumption on the lepton number violating schemes [3, 4] . In the supersymmetric model one may consider the lepton number violation by condensates along a D-flat direction. As such scenarios there are, for example, the decay of the Affleck-Dine condensate [5] in the LH 2 direction [6] and also the decay of the right-handed sneutrino condensate in the chaotic inflation scenario [7, 8] .
In this paper we would like to propose a new possibility which can be related to the µ-term µH 1 H 2 .
1 In the minimal supersymmetric standard model (MSSM) an origin of a scale of the µ-term is not known. Since it is a supersymmetric mass term, we have no reason why it should take a value of a weak scale M W . To fix its scale at the weak scale is called the µ-problem [9, 10] . Usually the µ-term is considered to be spontaneously generated through, for example, a vacuum expectation value (VEV) of some SM singlet scalar field S. If this singlet field stores a large oscillation energy at a suitable period of the expansion of the universe, its decay may induce the asymmetry between the Higgsinõ H 1,2 number density and the anti-HiggsinoH c 1,2 number density through the coupling SH 1H2 . In the usual situation we cannot expect that this asymmetry is related to the lepton number asymmetry. However, if there is a bilinear R-parity violating term ǫ α L α H 2 and this Higgsino asymmetry is not washed out during sufficient duration, it may be converted into the lepton number asymmetry through this mixing. Since various works suggest that the bilinear R-parity violating term can be related to the neutrino masses [11, 12] , it may be worthy to study a viability of this scenario for the leptogenesis.
We consider a simplified model to clarify an essence of the scenario. The model is defined by the superpotential
where S andS are the SM singlet chiral superfields and L α , H 1,2 are the ordinary doublet lepton and doublet Higgs chiral superfields, respectively. The Yukawa coupling λ is, in general, complex when the VEV of S is taken to be real. We assume that S andS are massless and then n ≥ 2. Here we also assume that there is an extra U(1) gauge symmetry in addition to the MSSM gauge structure and S,S have an opposite charge of this symmetry each other. 
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S |S| 2 which can be expected to be negative by various reasons [13, 14] , a true vacuum value of u is determined either by the pure radiative symmetry breaking effect or by the nonrenormalizable term effect in eq. (1). Its value u 0 is determined by using
in the former case and is also roughly estimated
2 n in the latter case [14] . As a result, the µ-term is generated from the first term in W as µ = λu 0 . As shown in [14] , u 0 can take a value of an intermediate scale in a rather wide range and then λ should be very small to realize a suitable value for µ in that case. Although we can consider it to be an effective coupling constant coming from the nonrenormalizable term, for example, we do not discuss a reason of this smallness here. 2 In the following discussion we assume ǫ α = ǫ, for simplicity. The conclusion does not depend on this assumption.
3 An introduction of the extra U(1) gauge symmetry is also favored from a view point to escape the tadpole problem and the domain wall problem, which are expected to appear often in the models extended only by the singlet chiral superfield [13] . 4 Although the smallness of a bilinear R-parity violating parameter ǫ α should be also explained When a Hubble parameter H satisfies a condition H ∼ M S where M S is a mass of S and O(|m S |), u begins to oscillate around u 0 starting from its initial value u = 0. This oscillation energy density scales as R −3 like matter as the universe expands, whereas the radiation energy density decreases as R −4 . Thus this oscillation energy is expected to dominate the energy density of the universe at a certain period before its decay. The decay of this oscillation into the HiggsinosH 1,2 occurs due to the first term in W if
The decay width Γ u of the condensate u is estimated as
M S and then the reheating temperature due to this decay will be
where we used the fact that µ is generated as µ = λu 0 in this scenario. As far as no additional entropy production after the decay of the oscillation of u, the constraint from the gravitino production requires T u RH < ∼ 10 9 GeV [15] . If we impose that the sphaleron interaction can be in the thermal equilibrium [3] , T u RH > ∼ 10 2 GeV should also be satisfied.
Since the naturalness requires µ and M S to be of the weak scale, these conditions for Since the oscillation of u is non-thermal, the decay of the condensate u is considered to be out-of-equilibrium. Thus, if there are CP violating complex phases and Γ u < H T =M S is satisfied, the asymmetry between HiggsinoH 1,2 number density and the antiHiggsinoH c 1,2 number density is expected to be produced through this decay process. This out-of-equilibrium condition restricts the region of u 0 obtained above, furthermore, into
GeV. In order to estimate this asymmetry, we need to define the CP structure of the model. The model is naturally expected to have the soft supersymmetry breaking parameters corresponding to each term in the superpotential W such as
where A λ and B ǫ are assumed to be O(M W ) and complex. The Higgsino asymmetry ε can be dominantly produced by the interference terms between a tree diagram of S →H 1H2
similarly to the case of µ parameter, its origin of smallness can be considered not to be heavily relevant to the feature of the present scenario. Thus we only treat it as an effective parameter. and one-loop diagrams with a scalar trilinear A λ vertex as shown in Fig. 1 . This asymmetry ε can be roughly estimated as
where δ A = arg(A λ ) and δ λ = arg(λ). We used M S ∼ |A λ | ∼ |µ| in the last similarity. By imposing u 0 to be real, we find that δ A + δ λ = 0 is satisfied. Thus, by using the relations ρ tot = sT RH and ρ S = n S M S , the total asymmetry ofH 2 can be estimated as
where ρ S and ρ tot are the energy density stored in the u oscillation and the total energy density of the universe, respectively. We assumed the energy density of the universe is dominated by the oscillation of u at this period and ρ tot ∼ ρ S , for simplicity. Now we discuss how this Higgsino asymmetry can be converted into the lepton asymmetry. In the superpotential W we have a bilinear R-parity violating term ǫL α H 2 . This term and the µ-term collaborate to induce a neutrino-neutralino mixing mass matrix such
where we wrote M by using the basis ( are generated by the weak scale seesaw mechanism [11, 12] . In fact, it is well-known that M has two zero eigenvalues and five nonzero eigenvalues. One of the nonzero eigenvalues is O(|ǫ| 2 /|µ|) and others are O(M W ). By imposing the mass constraint required by the explanation of the atmospheric neutrinos anomaly [16] , we find that ǫ should satisfies a certain condition such as |ǫ| ∼ 10 −6 |µ|. If we assume that two massless states are proportional to ν e ± ν µ , the eigenstate with a small non-zero eigenvalue is represented as ν τ + O(|ǫ|/|µ|)N where N is a neutralino which is dominated byH 2 . This means that ν τ andH 2 have a mixing of O(|ǫ|/|µ|).
If we can consider the case that the lightest neutralino is dominated byH 2 and this neutralino needs longer time to reach the thermal equilibrium through various interactions in comparison with the typical sphaleron interaction time at this period, 5 the lepton number asymmetry is expected to be produced from the HiggsinoH 2 asymmetry through this mixing. 6 The sphaleron interaction can be in the thermal equilibruim for the sufficient duration to transfer effectively the HiggsinoH 2 asymmetry into the baryon asymmetry through this lepton number violating mixing. By using eqs. (3) and (5), the expected baryon asymmetry through this process is estimated as
where κ is the washout factor and c s is the production rate of the baryon number asymme- 5 This condition seems to be in a delicate position. For more precise analysis this condition should be numerically checked. The ambiguity related to this point will be taken into account as the washout factor κ. 6 We do not consider the effect of a complex phase in this mixing here. We also discuss only the neutrino-neutralino mixing. However, there appears the similar mixing in the chargino-charged lepton sector. If its decay and scattering takes longer time make it be in the thermal equilibrium than the sphaleron interaction time, this mixing may give the similar contribution discussed here. In that case the conclusion will not be largely changed by taking account of it. The chargino-charged lepton mixing can contribute to the flavor changing neutral processes such as µ → eγ. However, the mixing is small enough to satisfy the experimental constraints [18] .
try from the lepton number asymmetry due to the sphaleron interaction and takes a value of O(1) [3, 17] . From this result we find that this scenario can produce the presently ob- 1. An important problem in this scenario is whether we can have models which can cause the symmetry breaking for S at a required scale. In ref. [14] this kind of study has been done extensively for the similar models in the different context and they found that the symmetry breaking scale required here could be successfully realized. It is necessary to construct a concrete model in which the present scenario for the baryogenesis is applicable.
In the present study we have not discuss the relation between this scenario and the inflation of the universe. We also need to investigate the possibility to embed this scenario into a suitable inflation model to examine the viability of this scenario. These subjects will be discussed in other places.
In conclusion we have proposed a leptogenesis scenario which is intimately related to the origin of the µ-term and small neutrino masses. In this scenario we assume the existence of the bilinear R-parity violating term ǫL α H 2 , which can play the important role to generate the small neutrino masses through the neutrino-neutralino mixing. If the µ-term is assumed to be originated from an intermediate scale VEV of the SM singlet field S, the deviation of this condensate from the true vacuum value induces the coherent oscillation and its decay may generate the asymmetry between the Higgsinos number density and its anti-Higgsinos number density. The mixing term between the lepton and the HiggsinoH 2 causes the lepton number asymmetry through the lepton-Higgsino oscillation effectively, as far as the lightest neutralino and chargino are dominated by the H 2 component and it takes longer time to reach the thermal equilibrium than the sphaleron interaction time. Since the reheating temperature realized by the decay of the S condensate is high enuogh for sphaleron interaction to be in the thermal equilibruim, the
